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OLPLW YDOXH IRU:%9 LQPLQLQJ EDVHG RQPHDVXUHPHQW RI:%9 H[SRVXUH EHFDXVH RI ODFN RI FOHDU
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+HQFHLWLVSRVVLEOHWRDVVHVVWKHYLEUDWLRQULVNXVLQJHLWKHUWKH506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RSHUDWRUVRIWZRGLIIHUHQWPDQXIDFWXUHUV7KHVHPLQHVHPSOR\HGPDOHGULOORSHUDWRUVRXWRIZKLFK
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1RUZDVSODFHGRQ
WKHVHDWRIGULOOPDFKLQHRSHUDWRULQDFFRUGDQFHZLWKWKH,62JXLGHOLQHVZLWKUHJDUGVWR
GLUHFWLRQ DQG DQDWRPLFDO SRVLWLRQLQJ9LEUDWLRQZDVPHDVXUHG LQ D WKUHHD[LV FRRUGLQDWH V\VWHP WKDW
WDNHV LQWR FRQVLGHUDWLRQ SRLQWV RI HQWU\ RI WKH YLEUDWLRQ LQ WKH KXPDQ ERG\ $FFHOHURPHWHU ZDV
FRQQHFWHGWRDSUHFLVLRQYLEUDWLRQPHWHU0RGHOQR1RUGHVLJQHGLQDFFRUGDQFHZLWK,62
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SHULRGIRUWKHYLEUDWLRQPHDVXUHPHQWKDVDVWURQJLQIOXHQFHRQWKHDVVHVVPHQWUHVXOWV)HUQDQGHVDQG
&DQWLOODQD+RZHYHUWKHDSSOLFDEOH,62VWDQGDUGGRHVQRWSURYLGHDFOHDULQGLFDWLRQRIWKH
PHDVXUHPHQWSHULRGWREHIROORZHG,QWKLVVWXG\ LQRUGHUWRJHWDUHSUHVHQWDWLYHSHULRGRIYLEUDWLRQ
H[SRVXUHPHDVXUHPHQWVZHUHWDNHQXSIRUDGULOOLQJWLPHRIDYHUDJHPLQXWHVGXUDWLRQ7KUHHGULOOLQJ
WLPH PHDVXUHPHQWV ZHUH WDNHQ IRU HDFK RSHUDWRU DQG WKH DYHUDJH YDOXH RI :%9 H[SRVXUH ZDV
FRQVLGHUHGIRUIXUWKHUDQDO\VLV
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)LJ6HDWSDGDFFHOHURPHWHUDQG3UHFLVLRQYLEUDWLRQPHWHU
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,62SURYLGHVVWDQGDUGVIRUWKHHYDOXDWLRQRIH[SRVXUHSDUDPHWHUVRIPHDVXUHGYLEUDWLRQVZLWK
UHFRPPHQGHGJXLGHOLQHVWRDVVHVVWKHKHDOWKULVNIURPYLEUDWLRQH[SRVXUH7KHJXLGHOLQHLVDSSOLFDEOH
WRWKHYLEUDWLRQLQWKHIUHTXHQF\UDQJHRI+]WR+]WUDQVPLWWHGWRWKHVHDWHGERG\DVDZKROH
WKURXJKWKHVHDWSDQ7KHYLEUDWLRQHYDOXDWLRQSURFHGXUHGHILQHGLQ,62VWDQGDUGLQFRUSRUDWHVPHWKRG
RI DYHUDJLQJ YLEUDWLRQ RYHU WLPH DQG RYHU IUHTXHQF\ EDQG XVLQJ RQH WKLUG RFWDYH EDQG 7KH 506
DFFHOHUDWLRQ wa DQGYLEUDWLRQGRVHYDOXH9'9RIWKHIUHTXHQF\ZHLJKWHGYLEUDWLRQPDJQLWXGHVDUH
XVHIXO LQGLFDWRURI WKHVHYHULW\RIYLEUDWLRQ6RPHRI WKHHTXDWLRQVUHTXLUHGLQ WKHDQDO\VLVDUH OLVWHG
EHORZ)XOOGHWDLOVDUHSURYLGHGLQWKH,62GRFXPHQWDWLRQ)UHTXHQF\ZHLJKWHG506DFFHOHUDWLRQZDV
GHWHUPLQHGE\HTXDWLRQ
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ଶሺݐሻ݀ݐ்଴        
:KHUH wa  )UHTXHQF\ ZHLJKWHG 506 DFFHOHUDWLRQ RYHU D WLPH SHULRG PV  wa t  
)UHTXHQF\ ZHLJKWHG 506 DFFHOHUDWLRQ DW SDUWLFXODU WLPH W PV 7   GXUDWLRQ RI PHDVXUHPHQW
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VHFRQG,QGLYLGXDO506YDOXHVRIDFFHOHUDWLRQVPHDVXUHGE\SUHFLVLRQYLEUDWLRQPHWHUDORQJ[\DQG
] D[HV DUH UHSUHVHQWHGE\ wx wy wza a and a UHVSHFWLYHO\6LQFH WKH ULVNRIGDPDJH LVQRW HTXDO LQ DOO
D[HVDZHLJKWLQJIDFWRULVDSSOLHGWRWKHIUHTXHQF\ZHLJKWHGYLEUDWLRQYDOXHV
$FFRUGLQJWRWKH,62VWDQGDUGWKHDFFHOHUDWLRQYDOXHIRUWKH[DQG\D[HVDUHPXOWLSOLHGE\
IRU[DQG\D[HVZKHUHDVIRU WKHYHUWLFDOD[LV]D[LVPXOWLSOLHGE\8VLQJWKHVHPXOWLSO\LQJ
IDFWRUV DQG WKH IUHTXHQF\ZHLJKWLQJ506 DFFHOHUDWLRQV IRU HDFK D[HV WKH YHFWRU VXP RI IUHTXHQF\
ZHLJKWHG506DFFHOHUDWLRQ  va LVFDOFXODWHGE\XVLQJWKHIROORZLQJIRUPXOD

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

:KHUH va  YHFWRU VXPRI IUHTXHQF\ZHLJKWHG506 DFFHOHUDWLRQRU YLEUDWLRQ WRWDO YDOXHPV
wx wya a DQG wza    )UHTXHQF\ZHLJKWHG506 DFFHOHUDWLRQV LQ [ \ ] RUWKRJRQDO D[HV UHVSHFWLYHO\
7KHGDLO\YLEUDWLRQH[SRVXUHRIKRXUVHTXLYDOHQW IUHTXHQF\ZHLJKWHG506DFFHOHUDWLRQYDOXHZDV
FDOFXODWHGDFFRUGLQJWR(TZKHUH hva  WKHPHDVXUHGDFFHOHUDWLRQPDJQLWXGHRIYLEUDWLRQDORQJ
GRPLQDQWD[LVPVDQG7LVWKHH[SRVXUHWLPHLQKRXUV

ܣሺͺሻ ൌ ܽ௛௩ට
்
଼
        

&UHVW IDFWRU ZDV GHWHUPLQHG DFFRUGLQJ WR WKH HTXDWLRQ  ZKLFK LV WKH UDWLR RI SHDN DQG 506
DFFHOHUDWLRQ:KHUHPD[  wa t LVWKHDEVROXWHPD[LPXPLQVWDQWDQHRXVSHDNYDOXHRIWKHIUHTXHQF\
ZHLJKWHGDFFHOHUDWLRQDQG506 wa LVWKHIUHTXHQF\ZHLJKWHG506DFFHOHUDWLRQ
&UHVWIDFWRULVXVHIXODVDPHDVXUHRIVKRFNZLWKLQWKHYLEUDWLRQVLJQDO,QWKHFDVHRIFUHVWIDFWRU
JUHDWHU WKDQ  WKHQ H[SRVXUH ZLOO EH HYDOXDWHG E\ DGGLWLRQDO PHWKRG VXFK DV YLEUDWLRQ GRVH YDOXH
9'9H[SRVXUHDVUHFRPPHQGHGLQ,62

ܥܨ ൌ ெ௔௫ሺ௔ೢሺ௧ሻሻ
ோெௌሺ௔ೢሻ
        
 
,QFDVHRIYLEUDWLRQGRVHYDOXHH[SRVXUHLVFDOFXODWHGE\XVLQJWKHIROORZLQJIRUPXOD

ܸܦܸ ൌ ට׬ ܽ௪ସሺݐሻ݀ݐ
்
଴
ర
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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
:KHUH7 LV WKHPHDVXUHPHQWGXUDWLRQDQG  wa t  LV WKH IUHTXHQF\ZHLJKWHGHTXDWLRQDW WLPH W
8VLQJ,62PXOWLSO\LQJIDFWRUVDQGWKHYLEUDWLRQGRVHYDOXHIRUHDFKD[HVWKHYHFWRUVXPRIYLEUDWLRQ
GRVHYDOXH  xyzVDV LVFDOFXODWHGE\XVLQJWKHIROORZLQJIRUPXOD0DQVILHOG

ܸܦ ௫ܸ௬௭ ൌ ඥሺͳǤͶܸܦ ௫ܸሻସ ൅ ሺͳǤͶܸܦ ௬ܸሻସ ൅ ሺͳǤͶܸܦ ௭ܸሻସ
ర   

7KH GDLO\ YLEUDWLRQ H[SRVXUH RI  KRXUV HTXLYDOHQW 9'9ZDV GHWHUPLQHG DFFRUGLQJ WR (T 
:KHUH7LVWKHYLEUDWLRQH[SRVXUHWLPHWPHDVXUHGLVWKHPHDVXUHPHQWWLPH9'9PHDVXUHGLVWKHPHDVXUHG
9'9DORQJGRPLQDQWD[LV0DQVILHOG

ܸܦ଼ܸ ൌ ට
்
௧೘೐ೌೞೠೝ೐೏
כ ܸܦ ௠ܸ௘௔௦௨௥௘ௗ
ସర      

7KH IUHTXHQF\ ZHLJKWHG 506 DFFHOHUDWLRQ DQG 9'9 LV FRPSDUHG WR WKH ,62 VWDQGDUG 
ZKLFKSURYLGHVJXLGHOLQHIRUWKHDVVHVVPHQWRIKHDOWKULVN7KLVLVGRQHE\FRPSDULQJGDLO\YLEUDWLRQ
H[SRVXUHRIHLJKWKRXUGXUDWLRQE\XSSHUDQGORZHUOLPLWRIKHDOWKJXLGDQFHFDXWLRQ]RQHRI,62
7KHXSSHUDQGORZHUOLPLWVRIKHDOWKFDXWLRQ]RQHLQERWKWKHFDVHVKDYHOLVWHGDERYHLQWDEOH,Q
WKHSUHVHQWVWXG\WKHGULOOHU¶VZHUHPHDVXUHGWRPLQXWHVRIH[SRVXUHDVDUHSUHVHQWDWLYHVDPSOHIURP
WKHLUGDLO\H[SRVXUHGXUDWLRQLQDGD\:KHQ WKHYDOXHRIGDLO\H[SRVXUH OLHVEHWZHHQWKHXSSHUDQG
ORZHUOLPLWZLWKLQWKHKHDOWKJXLGDQFHFDXWLRQ]RQHZLOOLQGLFDWHZRUNHUVH[SRVHGWRVLJQLILFDQWOHYHO
RIYLEUDWLRQDQGWKHUHIRUHVRPHSUHYHQWLYHDFWLRQVKRXOGEHWDNHQ:KHQYDOXHVRIIUHTXHQF\ZHLJKWHG
506DFFHOHUDWLRQDQG9'9H[FHHGVXSSHUOLPLWRIKHDOWKJXLGDQFHFDXWLRQ]RQHZLOOPDNHWKHZRUNHU
YXOQHUDEOH WR HOHYDWHG KHDOWK ULVN +RZHYHU KHDOWK ULVN EHORZ WKH ORZHU OLPLW RI KHDOWK JXLGDQFH
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FDXWLRQ]RQHLVQRWGRFXPHQWHGLQ,62VWDQGDUG
5HVXOWV
7KLVH[WHQVLYHZRUNKDVEHHQFDUULHGRXWWRDVVHVVWKHULVNRIH[SRVXUHWRZKROHERG\YLEUDWLRQVRI
GULOO RSHUDWRUV LQ LURQ RUH PLQHV RI HDVWHUQ ,QGLD 7KHUH LV LQVXIILFLHQW LQIRUPDWLRQ LQ LQWHUQDWLRQDO
OLWHUDWXUH WR FKDUDFWHUL]H WKH H[SRVXUH WR:%9 RI PLQLQJ LQGXVWU\ 7KH FKDUDFWHULVWLF RI YLEUDWLRQ
H[SRVXUHVDUHSUHVHQWHGLQ7DEOH5HVXOWVRIWKHVWXG\GHPRQVWUDWHGWKDWH[SRVXUHZDVPXFKKLJKHU
LQYHUWLFDOD[LV7KHH[SRVXUHVDORQJ[DQG\D[HVZHUHPXFKOHVVLQFRPSDULVRQWRYHUWLFDOD[LVDQG
YHFWRUVXPRIYLEUDWLRQVLQWKUHHD[HV
2Q WKH RWKHU KDQG ,62 VWDQGDUG  FRQVLGHUV WZR GLIIHUHQW PHWKRGV IRU DVVHVVLQJ WKH
YLEUDWLRQVH[SRVXUH)LUVWWKHKHDOWKULVNVSUHGLFWHGE\WKH506ZLOOEHGLVFXVVHG6HFRQGWKHKHDOWK
ULVNVSUHGLFWHGE\WKH9'9ZLOOIROORZ
7KHPHDQIUHTXHQF\ZHLJKWHG506DFFHOHUDWLRQLQWKH[\DQG]D[HVZHUHPVPV
DQGPV0HDVXUHGIUHTXHQF\ZHLJKWHG506DFFHOHUDWLRQZDVGRPLQDQWLQ]D[LV7DEOH7KLV
LVVLPLODUWRSUHYLRXVO\UHSRUWHGVWXG\RI(JHUHWDO	9LOODJHDWDODQG6DOPRQLHWDO
IRU/+'YHKLFOHV7KHPHDQYHFWRUVXPRI506H[SRVXUHPVUDQJLQJIURPWR
PVVKRZVRSHUDWRUVZHUHH[SRVHGWRKLJKOHYHORIYLEUDWLRQPDJQLWXGH7DEOH,QWKHFXUUHQWVWXG\
WKHPHDQGDLO\506H[SRVXUHRIHLJKWKRXUVGXUDWLRQLVPVVKRZVDOPRVWDOOWKHGULOOPDFKLQH
RSHUDWRUVZKRDUHH[SRVHGWRKLJKOHYHORI:%9H[SRVXUHH[FHHGLQJWKHXSSHUOLPLWRIKHDOWKFDXWLRQ
]RQHRI,62+RZHYHURIRSHUDWRUVDUHZLWKLQWKHKHDOWKFDXWLRQ]RQH7DEOH
7KHPHDQ9'9H[SRVXUHYDOXHVZHUHDOVRORZHUIRUWKH[DQG\D[HVFRPSDUHGWR]D[LV7KHPHDQ
9'9H[SRVXUHYDOXHVIRU[DQG\D[HVDUHPVDQGPV7KHPHDQ9'9H[SRVXUHYDOXH
IRU]D[LVLVPV7DEOH7KLVLVDOVRVLPLODULQILQGLQJVRI(JHUHWDO+RZHYHUPHDQ
YHFWRUVXPRI9'9H[SRVXUHZDVPVUDQJLQJIURPWRPV7DEOH7KHPHDQ
GDLO\9'9H[SRVXUHRIHLJKWKRXUVGXUDWLRQLVPVVXJJHVWVDOOWKHRSHUDWRUVZHUHDERYHWKH
UHFRPPHQGHG XSSHU OLPLW RI ,62 VWDQGDUG  DQG YXOQHUDEOH WR KLJK KHDOWK ULVN RI RSHUDWRUV
7DEOH
7KHPHDQFUHVW IDFWRUVDUHDQGIRU[DQG\D[HV7KHPHDQFUHVW IDFWRU IRU]D[LV LV
KLJKHU WKDQWKH[DQG\D[HV7DEOH7KHYDOXHVRIFUHVWIDFWRUIRUDOO WKUHH[\DQG]D[HV
LQGLFDWHWKDWGULOORSHUDWRUVDUHH[SRVHGWRZKROHERG\YLEUDWLRQFRQWDLQLQJKLJKOHYHORIVKRFNV7KH
YDOXHVRIFUHVWIDFWRUDORQJDOOWKUHHD[HVDUHPXFKKLJKHUWKDQUHFRPPHQGHGLQ,62VXJJHVWV
WKDW DGGLWLRQDO PHWKRG VXFK DV 9'9 H[SRVXUH LV UHTXLUHG DSDUW IURP 506 H[SRVXUH WR HYDOXDWH
YLEUDWLRQH[SRVXUH +RZHYHU WKLVUHVXOW LVDOVRQRWVXUSULVLQJVLQFHWKHFUHVWIDFWRUVIRU]D[LVZHUH
DOVRKLJKLQ/+'YHKLFOH(JHUHWDO






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7DEOH&KDUDFWHULVWLFVRIGDLO\YLEUDWLRQH[SRVXUHDQGSUHGLFWHGKHDOWKULVNEDVHGRQ,62
$YHUDJHGDLO\YLEUDWLRQ
H[SRVXUHRIKUV
0HDQ
6'
5DQJH RIYDOXHVEHORZ
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,62ORZHUDQGXSSHU
RIYDOXHVDERYH
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GXUDWLRQ

OLPLW
7DEOHD
OLPLWVD OLPLW
7DEOHD
'DLO\506$FFHOHUDWLRQ
$




  
'DLO\9'9([SRVXUH
9'9




  

6'6WDQGDUGGHYLDWLRQ
D,62

([SRVXUHWR:%9LQPLQLQJLVFRPSOH[EHFDXVHLWLVVWURQJO\LQIOXHQFHGE\YDULRXVIDFWRUUHQFHVV
7KHLUUHJXODUVXUIDFHVRIZRUNLQJ]RQHVDVZHOOYDU\LQJJHRORJLFDOFRQGLWLRQVRIWKHPLQHDUHWKHPDLQ
FDXVHRIVKRFNFRPSRQHQWVREVHUYHGLQPHDVXUHPHQWRI:%93UREDEO\WKLVKDVQRWEHHQFRQVLGHUHG
GXULQJWKHSUHSDUDWLRQRI:%9VWDQGDUG7KHFRPSDUDWLYHDQDO\VLVFDUULHGRXWVKRZVWKDWWKHUHVXOWRI
:%9H[SRVXUHLVVLPLODUEDVHGRQWZRHYDOXDWLRQPHWKRGVVXFKDV506DVZHOODV9'9+RZHYHU
EDVHG RQ WKH OLPLWHG VDPSOHV LQ WKLV VWXG\ 9'9 WDNHV EHWWHU LQWR DFFRXQW RI YLEUDWLRQ H[SRVXUH
FRQWDLQLQJ VKRFNV DQG DSSHDUV PRUH VWULQJHQW ZKHUHDV 506 DFFHOHUDWLRQ XQGHUHVWLPDWHV WKLV
FRPSRQHQW
&RQFOXVLRQV
7KHFRQFOXVLRQRI WKLV VWXG\FDUULHGRXW LV WKDW DOO WKHGULOORSHUDWRUV DUH H[SRVHG WRZKROHERG\
YLEUDWLRQLQYHUWLFDOGLUHFWLRQLQLURQRUHPLQHVRIHDVWHUQ,QGLDFRQVWLWXWLQJKLJKOHYHORIVKRFNV2Q
WKHRWKHUKDQGUHVXOWVREVHUYHGLQ WKLVVWXG\EDVHGRQWZRPHWKRGVVXFKDV506DQG9'9LVTXLWH
GLIIHUHQWGHSHQGLQJXSRQPHWKRGDSSOLHG7KHDVVHVVPHQWRIKHDOWKULVNRIWKHRSHUDWRUV¶LVVXUSULVLQJ
WKDWWKH\DUHYXOQHUDEOHWRKLJKOHYHORIYLEUDWLRQH[SRVXUH+RZHYHUWKHUHLVQRVSHFLILFUHJXODWLRQIRU
YLEUDWLRQ H[SRVXUH LQ PLQLQJ DQG FRPSUHKHQVLYH TXDQWLWDWLYH VWXGLHV KDYH EHHQ FDUULHG DFURVV LQ
PLQLQJ VHFWRU 7KH PLQLQJ LQGXVWU\ KDV VHULRXV GLIILFXOWLHV WR FRPSO\ ZLWK WKH H[LVWLQJ VWDQGDUG
&XUUHQWO\,QGLDKDVQRVSHFLILFUHJXODWLRQVIRUH[SRVXUHOLPLWVIRUHLWKHU+$9RU:%9LQZRUNSODFH
+RZHYHUIRUODVWGHFDGH0DQGDOHWDOKDVEHHQLQYROYHGIRUH[SRVXUHDVVHVVPHQWRYHUDUDQJHRI
KHDY\ HTXLSPHQW LQ RSHQ FDVWPLQHV VHHNLQJ WKH GDWD WR HQVXUH WKDW WKH ,QGLDQPLQLQJRSHUDWLRQ LV
DGRSWLQJ EHVW SUDFWLFHV (YHQ IURP WKH OLPLWHG LQIRUPDWLRQ DYDLODEOH WKHUH LV GHPRQVWUDWHG ULVN RI
LQMXU\IURPH[FHVVLYHH[SRVXUHWRYLEUDWLRQDFURVV,QGLDQPLQHV7KHVHIDFWVDUHGHPRQVWUDWLQJWKDWD
VSHFLILFUHJXODWLRQLVUHTXLUHGIRUPLQLQJLQGXVWU\
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